The chemical composition and in vitro bioactivities of essential oils obtained by hydrodistillation of barks of Enantia chlorantha and Polyalthia suaveolens, two Annonaceae from Cameroon were investigated. Chemical analyses by GC and GC-MS showed that for both plants sesquiterpenes are predominant, the main constituents being 1,5-epoxysalvial-4(14)-ene (12.8%), caryophyllene oxide (13.4%), humulene epoxide II (8.1%) and spathulenol (7.0%), for E. chlorantha; β-caryophyllene (16.0%), germacrene D (8.5%), epi-α-cadinol (8.3%), caryophyllene oxide (7.3%), salvia-4(14)-en-1-one (7.3%) and δ-cadinene (6.0%) for P. suaveolens. Evaluation of the antiradical scavenging activity by the 1,1-diphenyl-2picryhydrazyl (DPPH) method indicated that the P. suaveolens essential oil was more active (SC 50 = 0.71 g/L) than that from E. chlorantha (8.0 g/L). In both cases, the essential oils were less efficient than BHT, taken as a reference (8.8 10 -3 g/L). In vitro microbiological screening revealed that E. chlorantha essential oil presents a significant activity against the three bacterial strains, Escherichia coli, Pseudomonas aeruginosa and Staphylococcus aureus (with a maximum activity > 90% at 2 mg/mL) and six fungal strains, Candida albicans, Microsporum canis, Trychophyton rubrum, Fusarium moniliforme, Aspergillus flavus and Aspergillus niger (with a maximum activity > 75% at 2 mg/mL). The volatile extract of P. suaveolens is globally less efficient, as it does not inhibit the growth of either S. aureus or A. flavus.
Essential oils from aromatic and medicinal plants are particularly interesting for their potential antioxidant, antimicrobial and antiviral activities. In recent years, numerous studies have been carried out on the chemical composition of essential oils from Annonaceae [1, 2] . Enantia and Polyalthia have been targeted in our investigation, particularly E. chlorantha and P. suaveolens, which are commonly used by healers in traditional medicine.
E. chlorantha is a tree, 27 m high and 1 m in girth, with bright yellow wood, frequently found in the dense tropical rain forests, especially in tropical central Africa [3] . Many works have been published on its alkaloids [4] [5] [6] [7] , but only a few investigations have been made on the chemical constituents of its essential oil [2, [8] [9] [10] .
P. suaveolens is also a forest tree, with a straight bole, 20 m high [3] . The stem bark has yielded characteristic indolosesquiterpenic compounds [11] [12] [13] , as well as other alkaloids [14, 15] . More recent works have reported on the volatile constituents of both this species [9, 10, [16] [17] [18] and of other species in the same genus [19] . The major components were generally sesquiterpenoids, especially of the bark essential oils.
Many studies performed on non volatile extracts of the bark of E. chlorantha highlighted potential bioactivities. A protoberberine alkaloid constituent was shown to have a curative effect after traumatization of female rats by hepatotoxins [20] . Antiplasmodial and anticandidal activity of the methanolic extract of the stem bark has been reported [21] , as has a weak antioxidant effect of its aqueous and hydroethanolic extracts [22] . The aqueous extract demonstrated antibacterial activity, which was ascribed to its alkaloid content; the extract was more active against Gram-positive than Gram-negative bacteria [23] .
Biological investigations of P. suaveolens have been less numerous and concern mostly the non volatile extracts. Antifilarial activities were reported for crude extracts and pure compounds from the species collected in Cameroon [24, 25] . Antileishmanial and antifungal activities were also observed with a methanolic extract obtained from the species collected in Gabon [26] . A review of ethnobotanical studies conducted in three Bantu countries indicates that P. suaveolens is used for various biological activities and that isoquinoline alkaloids, such as oliverine, may be responsible for these properties [27] . Finally, the only biological activity reported for the volatile constituents of P. suaveolens bark was from an essential oil obtained from a Cameroonian sample, which exhibited antiplasmodial activity [18] .
There is a great demand for novel antiradical, antibacterial and antifungal natural extracts acting selectively on new targets with fewer side effects.
In this study, the chemical composition, antiradical and antimicrobial activities of the essential oils obtained by hydrodistillation of bark samples of E. chlorantha and P. suaveolens collected in Cameroon are presented and discussed.
Yellowish essential oils were obtained with yields of 0.021% from E. chlorantha and 0.23% from P. suaveolens, both with similar warm and woody odors. The major constituents identified by GC and GC-MS analyses are given in Table 1 according to their order of elution from a DB-1 column.
Both essential oils are mainly sesquiterpenic, but with nevertheless different major constituents. 1,5-Epoxysalvial-4(14)-ene (12.3%) and the carbonyl derivative salvial-4(14)-ene-1-one (2.4%) were identified in the E. chlorantha essential oil, which was also characterized by a high content of three other oxygenated sesquiterpenes, caryophyllene and humulene epoxides (respectively 13.4% and 8.1%), along with spathulenol (7.0%). These results confirm those previously obtained for this species, which furnished an essential oil dominated by 1,5-epoxysalvial-4(14)-ene (11.5%) [8] .
After repeated flash chromatography, the two major oxygenated sesquiterpenes (1,5-epoxysalvial-4(14)ene and caryophyllene oxide) could be enriched. Their 1 H and 13 C-NMR spectroscopic data (2D) are similar to those previously described [28, 29] , permitting the formal identification of these compounds in E. chlorantha essential oil.
In contrast to the oil of E. chlorantha, that of P. suaveolens contained a small amount of monoterpenes (2.2%), mainly represented by α-pinene (0.6%) and β-pinene (1.4%). The chemical composition also differed from the former by its high content of sesquiterpene hydrocarbons, dominated by Essential oils from Enantia chlorantha and Polyalthia suaveolens Natural Product Communications Vol. 3 (7) 2008 1091 β-caryophyllene (16.0%), germacrene D (8.5 %) and cadinenes (7.0%); of the oxygenated sesquiterpenes, caryophyllene oxide (7.3%), salvial-4(14)-ene-1-one (7.3%) and epi-α-cadinol were predominant. These results differ significantly from those previously obtained for the same species, also collected in Cameroon, which furnished an essential oil with a higher content of β-caryophyllene (36.4%) [18] . Finally, it is worth noting that the characteristic component, salvia-4(14)-ene-1-one, is common to both plants.
Bioactivities
Antiradical activity: Based on the reduction of DPPH, the radical scavenging activities of the essential oils were evaluated and compared to that of the commercial antioxidant butylated hydroxytoluene (BHT), which is widely used as a preservative [30] . The SC 50 values for E. chlorantha (8.0 + 0.6 g/L) and P. suaveolens (0.71 + 0.04 g/L) indicate that P. suaveolens essential oil is about 10 times more active than that of E. chlorantha; nevertheless, both oils are much less efficient than BHT (8.8x10 -3 ± 0.5 g/L). These results confirm those from previous studies performed on aqueous and hydroethanolic stem bark extracts of E. chlorantha from Cameroon, which exhibited a very weak activity [22] .
Considering the chemical complexity of these two essential oils, no clear chemical relationship can be proposed on the basis of these results; further investigations are necessary.
Antimicrobial activity:
The antimicrobial activities of the essential oils were first evaluated against three strains of bacteria and six of fungi by the method of agar incorporation. Table 2 exhibits the antibacterial efficiency of the E. chlorantha and P. suaveolens essential oils against E. coli, P. aeruginosa and S. aureus; six concentrations running from 0.0625 to 2 mg/mL were tested; the inhibition percentage varied from 0 to 100%.
S. aureus was sensitive to E. chlorantha oil, whereas no inhibition was observed with that of P. suaveolens; the two other strains, E. coli and P. aeruginosa, which are Gram-negative bacteria, are sensitive to both oils with, in all cases, inhibition of nearly 100 % at the highest concentration (2 mg/mL). Nevertheless, the best efficiency seemed to be obtained with E. chlorantha oil on S. aureus, a Grampositive bacterium; this is in agreement with the In the same manner, antifungal activities were tested in the range of 0.0625 to 2 mg/mL (Table 3) . Overall, E. chlorantha essential oil seemed still to be the most efficient, as all the strains were more or less sensitive: for the two lower concentrations (0.0625 and 0.125 mg/mL), a weak activity was observed, varying from 0 to 38%. For 0.25 and 0.5 mg/mL, the inhibition was between 17% for A. flavus and 85% for A. niger. Finally, for the two higher concentrations (1.0 and 2.0 mg/mL), the oil was strongly active against all the fungi (56% for A. flavus to 100% for A. niger); the best activity is clearly observed against C. albicans, F. moniliforme and A. niger. The inhibition percentages for P. suaveolens essential oil varied from 0 to 100%. A. flavus was strongly resistant, even against the highest concentrations tested. On the other hand, C. albicans was the most sensitive strain, followed by F. moniliforme and M. canis.
The MFC value could not be evaluated for P. suaveolens essential oil against A. flavus, which was resistant to this volatile oil, and M. canis. In the other cases, their evaluation led to MFC/MIC values ranging between 1 to 16.
An anticandidal effect has been reported for the methanolic extract of the stem bark of E. chlorantha [21] , and an antifungal activity for the methanolic Finally, E. chlorantha essential oil may be considered as more efficient than P. suaveolens oil against the bacterial and fungal species tested.
The efficiency parameters of Gentamicin® and Amphotericin B®, taken as references for their antibacterial and antifungal activities, respectively, are given in Table 4 . Gentamicin® is more efficient than both essential oils in terms of concentration and bactericidal activity against the three bacterial strains.
Amphotericin B®, which may be considered as an antifungal reference compound, is also more efficient than both essential oils. Nevertheless, it exhibits only a fungistatic action on F. moniliforme and A. flavus, because the strains were not destroyed (MFC could not be determined).
Conclusion:
The present study indicates that the essential oils of E. chlorantha and P. suaveolens bark are mainly constituted of sesquiterpenoids, oxygenated in the first case, but not in the second. Both volatile extracts present a weak antiradical activity compared with that of BHT. On the other hand, they produce significant antimicrobial effects: E. chlorantha essential oil was more or less efficient on all the strains, but P. suaveolens oil was not active against S. aureus and A. flavus. These results highlight the possible use of E. chlorantha volatile extract in both dermatosis treatment and preservation of food or post-crop products. 
Extraction and identification:
Fractions of 500 g of air-dried stem bark were subjected to hydrodistillation for 10 h using a Clevenger-type apparatus. The resulting essential oils, collected by decantation, were dried over anhydrous sodium sulfate and kept in a sealed flask at 10°C until analysis. The yields were calculated according to the weight of the plant material before distillation.
The oils were analysed on a Varian CP-3380 gas chromatograph with a flame ionization detector fitted with a fused silica capillary column (30 m x 0.25 mm i.d. coated with DB1, film thickness 0.25 µm); temperature program 50-200°C at 5°C/min, injector and detector temperatures 200°C; carrier gas N 2 at a flow rate of 0.8 mL/min. Injector type, split 1/100 (0.2 µL of pure essential oil). The linear retention indices of the components were determined relative to the retention times of a series of n-alkanes and the percentage compositions obtained from electronic integration measurement without taking into account the relative response factors. GC/MS analyses were performed using a Hewlett-Packard apparatus fitted with a HP1 fused silica column (30 m x 0.25 mm; film thickness 0.25 µm) and interfaced with a quadruple detector (Model 5970). Column temperature 70-200°C at 10°C/min; injector temperature 220°C; temperature of connecting parts 180°C; carrier gas, helium at a flow rate of 0.6 mL/min; injector type split 1:10 (1 µL of a 10:100 n-pentane solution); the spectrometer was operated at 70 eV; electron multiplier 1400 eV; mass range: 35-300 amu, scan rate: 2.96 scan/s. The identification of the constituents was assigned on the basis of comparison of their retention indices and mass spectra with those given in the literature [32, 33] , with mass spectra of the data bank NBS75K and with the stored laboratory mass spectral library.
Separation, isolation and identification of major compounds:
Enantia chlorantha essential oil (3 g) was fractionated by flash chromatography (FC) on 150 g of silica gel 60 (Merck, 70-230 mesh ASM) with a light petroleum-Et 2 O eluent system to give fifteen fractions. The mixed fractions F5 and F6 (1 g) were chromatographed on 50 g of silica gel 60 using the same solvent system, and fractions of 10 mL were collected. All fractions were screened by TLC (Silica gel 60 F 254 ) and GC; GC-MS and NMR analyses were carried out when required.
Preliminary identification of the constituents in the different fractions was assigned on the basis of their retention and mass spectral data. Formal identification of the two major constituents of E. chlorantha essential oil was confirmed by examination of their NMR spectroscopic data and comparison of these with literature data [28, 29] . The MS fragmentation pattern of the less common main component of the essential oil is given below: 
Antiradical activity:
The radical scavenging activity was determined using 1,1-diphenyl-2-picrylhydrazyl (DPPH) following the Mellor and Tappel method, adapted to essential oil screening by Agnaniet et al [34] .
DPPH was dissolved in ethanol to give a 100 µM solution. To 2.0 mL of this solution, 100 µL of a methanolic solution of the antioxidant reference, BHT, was added at different concentrations. The essential oils were tested in the same way. The control, without antioxidant, was represented by the DPPH ethanolic solution containing 100 µL of methanol. The decrease in absorption was measured at 517 nm after 120 min at 30°C. The actual decrease in absorption induced by the tested compound was obtained by subtracting that of the control. Measurements were performed in triplicate and the concentration required for 50% reduction (50% scavenging concentration SC 50 ) was determined graphically.
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All the spectrophotometric measures were performed with a SAFAS UV mc 2 spectrophotometer, equipped with a multicell/ multikinetics measuring system, and with a thermostatted cells-case.
Antimicrobial activity:
Antibacterial tests were carried out on three species of bacteria: Escherichia coli, Pseudomonas aeruginosa and Staphylococcus aureus, because of their implication in opportunistic diseases in hospitals. The species were isolated and identified by the Centre Pasteur of Yaoundé and by T. Bella Medical Analysis Laboratory of Yaoundé; they were maintained on a Muller-Hinton agar medium.
Inocula strains of bacteria were prepared using the Singleton method [35] ; for every bacterial species, one 24 h colony was suspended in 10 mL (9 g per 1000 mL) of NaCl, which, after dilution, gave a final concentration of 4.72 x 10 6 bacteria/mL for E. coli; 2.81x10 6 bacteria/mL for S. aureus and 6.87x10 6 bacteria/mL for P. aeruginosa.
The antifungal screening tests were undertaken on six fungal species. The potentially pathogenic yeast, C. albicans, was isolated and identified from patients by the Centre Pasteur of Yaoundé. M. canis and T. rubrum, which are responsible for many dermatomycosis infections, were isolated and identified by the Mycology Laboratory of the Faculty of Medicine and Biomedical Science of the University of Yaoundé. F. moniliforme, A. flavus and A. niger, three species responsible for post harvest destruction, were isolated and identified by the IRAD Laboratory of Nkolbisson. These fungi were maintained on Sabouraud Dextrose Agar (SDA).
Inocula strains of the yeast and filamentous fungi were prepared by suspending spores in sterilized distilled water from 48 h and 7 days-old cultures, respectively, on SDA to a final concentration of 1x10 5 spores/mL for the yeast and 1x10 3 spores/mL for the filamentous fungi. The microplates were incubated for 7 days at 25°C, with slow shaking (100-150 rpm).
The preliminary screening method used for testing for antimicrobial activity was the agar incorporation procedure described by Toudou [36] . The strains were cultivated on SDA medium 7 days before the screening test for filamentous fungi and in Muller Hinton agar 48 h until the screening tests for bacteria and C. albicans. Medium (1.875 mL) was aseptically mixed with 100 µL of essential oil and 25 µL of Tween 20 mixture (80-20), liquefied and maintained at melting point in sealed flasks in a water bath at 45°C. The control test contained 1.9 mL of medium and 100 µL of distilled and sterilized water. After cooling and solidification, seeding was carried out by a double inoculation in the middle of the Petri dish with a small amount of seven days old mycelium culture of the appropriate filamentous fungus. In the case of yeast, SDA was overlaid with 0.5 mL of a 42 h yeast culture suspended in sterile water and adjusted to give a final spore concentration of approximately 10 5 spores/mL. For bacteria, a solution of 0.5 mL of a 42 h bacterial culture suspension in 9 g per 1000 mL of NaCl (1/100 E. coli; 1/100 P. aeruginosa and 1/10 S. aureus) was introduced into each disk. Three replicates were used for each concentration and microorganism.
The antimicrobial activity of the essential oil was evaluated by calculating the percentage inhibition (I%) from the diameter values of the colony in the control plate (dC) and from those obtained in the plates to which the essential oil under test had been added (dEO): I%= 100 (dC-dEO)/dC. The minimal inhibitory concentration (MIC), defined as the lowest concentration of oil inhibiting visible growth of fungi and bacteria, was determined by the standardized broth microdilution method of Torres-Rodriguez et al. [37] . Sabouraud Dextrose Broth (SDB) and Muller-Hinton broth were, respectively, used for fungi and bacteria with a sterile tissue culture in a 24-wells plate. The MIC was determined for all the strains that showed good activity in the first screen. The stock solutions of the oils were diluted and transferred into the first well and serial dilutions were performed so that concentrations in the range of 2.0 to 0.125 mg/mL were obtained. A suspension of spores (50 µL) was added to all wells except for the control, which contained distilled and sterilized water. Growth was observed every day from the second to the last day for fungi and only for the second day for yeast and bacteria. Each test was repeated at least three times. Gentamicin ® and Amphotericin B ® were used as references for bacteria and fungi, respectively.
The minimal bactericidal concentration (MBC) was measured according to the method of Rotimi et al. [38] , and adapted for the minimal fungicidal Essential oils from Enantia chlorantha and Polyalthia suaveolens Natural Product Communications Vol. 3 (7) 2008 1095 concentration (MFC) measurement. To determine the MFC and MBC values, 50 µL of broth was removed from each well in the active concentration range tested, and spotted onto either SDA or Muller-Hinton agar. After incubation at 25°C for 3 days, the number of surviving organisms was determined. The lowest concentration of essential oil for which less than 0.1 % of the initial inoculum survived was defined as either the MFC or MBC. Each experiment was performed in triplicate.
